Since the isolation and cultivation of Bacterium tularense by McCoy and Chapin in 1912 , and the demonstration of its obligate cystine requirement by Francis in 1922, little has been written concerning its nutritional requirements.
Synthetic basal medium
Most of the amino acids are found in gelatin, and were used in amounts roughly proportional to their occurrence in this protein. S. Hydrolyzed casein basal medium Casein hydrolysate was prepared from SMA vitamin-free casein in the same manner. Other constituents were essentially the same as those of gelatin hydrolysate medium.
Concentration
Cystine was first dissolved in one per cent hydrochloric acid and added before adjusting the pH. The media were adjusted to pH 6.9, tubed in 4.5 ml. quantities in 25 mm. diameter tubes and autoclaved at 10 lbs. for 10 minutes. CULTIVATION OF BACTERIUM TULARENSE 363 Cultures. The Memp strain of Bacterium tularense was used throughout the study unless otherwise stated. This strain was isolated from a human lymph node in 1937, and had been passed through guinea pigs since isolation. It was highly virulent.
Method of inoculation. Bacterial cells from 24-to 48-hour cultures, grown either in gelatin hydrolysate medium or on cystine-heart-hemoglobin agar, were washed with sterile saline three times and resuspended to a turbidity of T-500 (Fullers' earth scale) . From this suspension serial 1:10 dilutions were prepared. Hereafter the T-500 suspension is designated as 100 and its dilutions are designated in the usual manner. One half ml. of the desired suspension was then used to inoculate each tube. Accurate plate counts of suspensions cannot be made, but Foshay has estimated from nuimerous animal inoculations that the number of viable bacterial cells in one ml. of a T-500 suspension is approximately two billions.
Growth. Organisms grown in this medium were viable for at least 14 days of continued incubation as judged by suboultivation onto standard solid media. Table 1 indicates good maintenance of virulence by the organism after prolonged continuous cultivation in this medium. Animals were injected intraperitoneally.
The culture medium was centrifuged and the bacterial cells were resuspended to T-500, from which serial 1:10 dilutions were made in sterile saline.
Replacment of biotin concentrate in synthetic medium. In the mixture of amino acids, salts, glucose, pantothenic acid, pimelic acid, and nicotinic acid, the biotin concentrate remained the only chemically undefined constituent of the medium. The results of a typical growth experiment with hydrolyzed gelatin medium supplemented with various accessory factors are shown in table 3. Blood-cell extract, liver-cake fractions, and biotin concentrates were effective in pro- Pan., pim., nic, charcoal filtrate of BC ex. Substitution of other sulfur-containing compounds. Homocystine, methionine, glutathione, and thioglycollic acid were used to replace cystine in gelatin hydrolysate medium. These substances were added to the medium in concentrations to equal the molecular equivalents of 0.01%, 0.05%, and 0.1% cystine. From 0.005% to 0.01% cystine is sufficient for excellent growth.
As shown in table 4, none of the compounds except glutathione and cystine were capable of supporting growth. The highest concentration of glutathione used was ten times the optimal molecular equivalent of cystine. Growth obtained in this concentration was scanty.
The present study of cultural requirements confirms the indispensability of cystine for growth. Nicotinic acid.0.005 gmi. Gelatin hydrolysate free of chloride ion, 0.28% total N ............ 1000 ml. Sodium chloride was added to this medium in amounts from 0.25 to 2.0 per cent. Since sodium chloride resulted from adjustment of the medium to pH 6.9, the actual concentration was slightly greater than that indicated for each lot.
The presence of certain concentrations of sodium chloride in the basal medium proved important. The optimal concentration appeared to be one per cent or above. Two per cent was not inhibitory. The results of varying concentration of sodium chloride upon growth of B. tularense are shown in table 5. Growth in days Experiments were conducted to verify actual alkali production in gelatin hydrolysate medium. After careful adjustment to pH 6.9, two liters of medium were divided into four equal parts in liter flasks. To two flasks were added 0.5% glucose and 0.5% glycerol, respectively. The remaining two received no carbohydrate. Three flasks of media were inoculated with 2 ml. of a T-500 saline suspension of a 24-hour culture of the Memp strain. One flask was kept as an uninoculated control. Viability of the organism in the liquid media was tested from time to time by subcultivation on cystine-heart-hemoglobin agar during the period of incubation. As shown in table 6, alkali increased regularly from day to day, reaching a maxir.um in about 10 days in the medium without fermentable substance.
Toxin production. Three liter flasks, containing 300 ml. each of "complete" gelatin hydrolysate medium supplemented with liver-cake extract, were inoculated with 1.5 ml. of a heavy saline suspension of a 24-hour culture. After intervals of 5, 10, and 14 days of incubation these cultures were filtered through a Berkefeld N filter. Groups of 6 mice and 6 guinea pigs for each sample of filtrate were injected intraperitoneally with varying amounts of the filtrate ranging from 0.5 to 2 ml. for mice, and 1.0 to 5.0 ml. for guinea pigs.
All animals injected with the filtrates survived. Evidently the strain used did not produce a soluble toxin, or the hydrolyzed gelatin medium may not be suitable for toxin production.
Virulence of organisms grown in hydrolyzed gelatin and in hydrolyzed casein media. The organisms were cultivated continuously in these media supplemented with 1 per cent blood-cell extract for 528 hours, with a total of nine subcultures in each. The final culture in each was centrifuged, and the bacteria resuspended to T-500. From these suspensions dilutions of 10-7, 10-8 and 10-9 were prepared. For each medium five mice were injected with each of these dilutions. Each mouse received 0.5 ml. of suspension. Table 7 shows that continued subculture in these media effected little decrease in virulence. SBUrMARY 1. Liquid media constructed from either gelatin or casein hydrolysates or from amino acids readily supported-growth of Bacterium tularense when these media were supplemented with accessory factors. These media are accurately reproducible and contain no protein or other unknown substances of large molecular structure. They are suitable for large scale cultivation of the organisms for c'hemical analyses.
2. The significant accessory factors are liver-cake extract, blood-cell extract, and biotin concentrate. Pantothenic acid, pimelic acid, nicotinic acid and biotin mixture permitted growth of the orgInism to a limited degree. However, these could not replace blood-cell extract or liver-cake extract in entirety.
